Analysis anion purity of [A336][NO 3 ] after metathesis
The final chloride content after conversion of the commercially available [A336] [Cl] to
[A336] [NO 3 ] was determined by total reflection X-ray fluorescence (TXRF) spectroscopy, using a Bruker Picofox S2 TXRF spectrometer. A sample of [A336] [NO 3 ] was prepared by the addition of 100 µL of a Cu 2+ standard solution, 100 µL of a NH 3 solution (25 wt%) and 750 µL of ethanol to 40 mg of the ionic liquid. A droplet (2.5 µL) of this mixture was placed on a quartz glass carrier after vigorous homogenization. Subsequently, the quartz glass carrier was dried in a hot air oven at 60 °C for 30 min and measured in the TXRF spectrometer for 200 s. The results were processed using the Bruker Spectra Picofox software (version 7.5.3.0).
Anion source and anion concentration for the extraction of Sr 2+ and Eu 2+
In a first series of screening experiments, the extraction behavior of Sr 2+ by the crown ether containing ionic liquid was studied as a simulant for Eu 2+ . Different anion concentrations were used in the aqueous feed solution, i.e. 0, 1, 3, 6 and 8 M. Three different sources were used to vary the anion concentration, i.e. HX, NH 4 X and LiX (with X = Cl -or NO 3 - Figure S1 ). Significant extraction of Sr 2+ was only reached in case of high lithium salt concentration, i.e. ≥ 6 M. The extraction of Sr 2+ was negligible at lower salt concentration. In these conditions, fractions of > 70% were extracted. The use of HX and NH 4 X resulted in much lower extraction efficiencies. It is also clear that extraction from nitrate media occurs much more efficiently than extraction from chloride media. This is most probably due to the higher hydration energy of the chloride, which hampers the co-extraction to ensure charge neutrality.
Distribution ratios were negligible when no DCH18C6 was present in the ionic liquid phase, regardless the origin and concentration of the anions. Based on these results, the extraction experiments with Eu 2+ were restricted to the use of lithium salts to increase the anion concentration in the aqueous feed solution. Figure S2 compares the distribution ratio of Sr 2+ These experiments were performed using an aqueous feed solution containing 6 M LiX (with X = Cl -or NO 3 -). In Figure S3 , the distribution ratios of Sr 2+ and Eu 2+ from an aqueous feed 5 solution containing 6 M lithium salt are shown as a function of time. In Figure S3a, 
Samarium speciation in [A336][NO 3 ] by EXAFS

EXAFS measurement and data treatment
Extended X-ray Absorption Fine Structure (EXAFS) spectra of Sm L III -edge (6716 eV) were collected at the Dutch-Belgian Beamline (DUBBLE, BM26A) at the European Synchrotron Radiation Facility (ESRF) in Grenoble (France). The energy of the X-ray beam was tuned by a double-crystal monochromator operating in fixed-exit mode using a Si(111) crystal pair. The measurements were done in transmission mode using Ar/He gas filled ionization chambers at ambient pressure. A brass sample holder with Kapton® windows and a flexible polymeric spacer (VITON®) with a thickness of 2 mm was used as a sample holder.
Standard procedures were used for pre-edge subtraction and data normalization in order to isolate the EXAFS function (χ). The EXAFS oscillations, isolated by a smoothing spline using the program VIPER, were k 4 -weighed and Fourier transformed between k = 3.68 and 11.13 Å -1 using a Gaussian rounded ends window function ( Figure S5, left) . 3 The data were fitted in R + Δ (Å) space, between 0 and 2.78 Å, using the ab initio code FEFF 7.0 , which was used to calculate the theoretical phase and amplitude functions that were subsequently used in the non-linear least-squares refinement of the experimental data ( Figure S5 , right). 4 Estimated standard deviations are shown between parentheses and calculated by VIPER. The amplitude reduction factor S 0 was fixed at 1.1. 
Results and Discussion
Absorption spectra were recorded of the ionic liquid phase obtained after extraction of Table S1 . The coordination number that was obtained from the fit was quite unreliable for two reasons. Firstly, the coordination number is highly dependent on the amplitude reduction factor S 0 , which cannot be estimated from the fit and should be chosen arbitrarily. Secondly, small changes in the extraction of the EXAFS function χ had a significant influence on the coordination number of the scattering paths. On the other hand, the coordination number can also be deduced from the SmO and SmN distances, which is much more reliable. A comparison was made with the interatomic distances found in crystal structures of Sm(NO 3 ) 5 and Sm(NO 3 ) 6 described in the literature (Table S2 ). 5, 6 The average The data were Fourier transformed between k = 3.68 and 11.13 Å -1 with a Gaussian rounded ends window function and fitted to the model between R = 0 and 2.78 Å. 
